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Abstract: Background: Alpha thalassemia is one of the most common human genetic abnormalities.
More than 400 different variations of the α-globin protein have been introduced, most of which are
not associated with noticeable clinical manifestations. The identification of all variants of Hb in
different regions helps in acquiring comprehensive knowledge concerning thalassemia disease, and it
can be used in preventive programs as well as prenatal diagnosis (PND). Aims: In the present study,
we describe a new α1 gene mutation that leads to a frameshift after codon 83. Methods: As a plan
for a national screening program of thalassemia, routine cell blood count (CBC) and Hb capillary
electrophoresis tests were applied. After taking written informed consent, genomic DNA was
extracted, and, for identifying common Mediterranean α-Globin gene deletion, multiplex Gap-PCR
was performed; for detecting other mutations on α- and β-Globin genes, a DNA sequencing method
was used. Results: The results of CBC and capillary electrophoresis tests showed microcytosis in
a female subject. The sequencing of the α-Globin gene showed that the case is heterozygote for a
single-nucleotide deletion at codon 83 of the α1-Globin Gene. We named this mutation Hb Adrian
(α1: c.251–T), which is a novel mutation. The mentioned mutation was also detected in the subject’s
mother. Conclusions: The introduced mutation (Hb Adrian) leads to a frameshift change that
produces a protein with 100 amino acids, which in comparison to a normal α-chain is shorter, and its
amino acids are altered after codon 83. This hemoglobin is undetectable via the use of electrophoresis.
Although no major hematological abnormalities were observed in the carriers, Hb Adrian should be
considered in screening programs to help prevent Hb H disease in high-risk couples.
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1. Introduction

Thalassemia is the most common monogenic genetic disease, with an estimated
global carrier rate of 1–5% [1,2]. Approximately, 70,000 severely affected infants are born
annually [3]. The disease is a form of hemoglobinopathy characterized by the absence or
decreased expression of α- and β-globin genes. Thalassemia was initially restricted to the
tropical and subtropical regions, including the Mediterranean, Sub-Saharan Africa, the
Middle East, and Southern as well as Eastern Asia; however, regional migrations have
increased its incidence rate in various parts of Europe and even in northern as well as
southern parts of America [4].

Alpha thalassemia is one of the most common human genetic abnormalities through-
out the world and Iran (especially in its northern regions). Depending on the copies of the
defected genes, the clinical presentation of the disease is varied, ranging from being almost
asymptomatic to lethal hemolytic anemia [5–7]. So far, more than 400 different variations
of the α-globin gene have been identified [8].
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The deletion of one (−α/αα) or two α-globin (−−/αα, −α/−α) genes leads to asymp-
tomatic forms of α-thalassemia known as silent carrier and thalassemia trait, respectively.
These deletions lead to an imbalance between α- and non-α-globin chain production. The
compound heterozygosity of α+ and α0 mutations (−−/−α) results in HbH disease, which
is mostly observed in Southeast Asia, as well as the Mediterranean region. The clinical
manifestations of HbH disease are described by a considerable variable extent of anemia.
These patients may indicate hepatosplenomegaly, variable forms of jaundice, gallstones,
and hemolytic crisis [9]. The complete absence of α-globin chain production results in Hb
Bart’s hydrops fetalis; the extent of anemia, cardiovascular disorders, and other pronounced
complications of this condition, such as hemochromatosis, usually lead to intrauterine
death [10].

National programs for preventing children being born with thalassemia began in Iran
since 1997 [11]. As a part of this program, premarital screening for carriers is compulsory for
each couple. The identification of all variants of Hb in different regions helps in obtaining
comprehensive knowledge about thalassemia disease, and it can be used in preventive
programs as well as prenatal diagnosis (PND). In the present study, we describe a new α1
gene mutation that leads to a frameshift after codon 83 (α1: c.251del T).

2. Materials and Methods

As a part of the national program for the premarital screening of thalassemia, a 29-
year-old female was referred to the Fajr Medical Genetics Laboratory (Sari, Iran) for a
routine hematological analysis. At first, CBC (complete blood count) and Hb capillary
electrophoresis (Sebia, France) tests were carried out. Since the subject had reduced hema-
tological indices, further molecular analyses were applied for the detection of pathogenic
variants of the α- and β-globin genes. After taking written informed consent, a molecular
analysis was conducted on genomic DNA extracted from peripheral blood via the use of
a QIAamp DNA Mini Kit (Qiagen, Germany). For identifying common Mediterranean
α-Globin gene deletions, multiplex Gap-PCR was performed, which identifies the presence
of −α.3.7 and −α.4.2 single-gene deletions, the —SEA and —FIL Southeast Asian double-
gene deletions, the —MED and −α.20.5 Mediterranean double-gene deletions, and αααAnti7

triplication [12]. For the detection of point mutations on the α- and β-Globin genes, the
entire regions of these genes were first amplified with specific primers, and subsequently
a Sanger sequencing method was used (3130xl genetic analyzer, ABI, Sab Fransisco, CA,
USA). An in silico analysis, using VarSome, a search engine for human genomic variation,
Mutation Taster, and SIFT (Sorting Intolerant from Tolerant) predicting tools, was applied
to analyze the pathogenicity of the novel variant.

3. Results

The results of the CBC and capillary electrophoresis tests showed that the case and her
mother had microcitosis, while her father had normal hematological indices (Table 1). Based
on the multiplex Gap-PCR test results, the case did not carry the investigated common
α-Globin gene deletions and αααAnti7 triplication. The sequencing of the α-Globin gene
indicated that the subject carried a single-nucleotide deletion at codon 83 of the α1-Globin
gene (Figure 1). The mentioned mutation was also detected in subject’s mother. The
VarSome search engine predicted this variant as likely pathogenic. The Mutation Taster
and SIFT online software categorized this frameshift alteration as disease-causing and
damaging, respectively. We named this mutation Hb Adrian (α1: c.251del T), which is a
novel variant.
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Table 1. Hematological indices of the subject with Hb Adrian (α1: c.251del T), as well as those of her
parents.

Age (y) RBC
(×106/µL)

Hb
(g/dL)

MCV
(fl)

MCH
(pg)

Hb-A
(%)

Hb-A2
(%)

Hb-F
(%)

Subject 29 5.11 11.9 74 23.3 97.4 2.6 <0.5
Mother 51 3.83 10 74 23 97.2 2.8 <0.5
Father 54 4.93 13 90.1 26.5 97.3 2.7 <0.5

Thalass. Rep. 2023, 13, FOR PEER REVIEW 3 
 

 

Table 1. Hematological indices of the subject with Hb Adrian (α1: c.251del T), as well as those of her 
parents. 

 Age (y)  
RBC 

(×106/µL) 
Hb 

(g/dL) 
MCV 

(fl) 
MCH 
(pg) 

Hb-A 
(%) 

Hb-A2 
(%) 

Hb-F 
(%) 

Subject 29 5.11 11.9 74 23.3 97.4 2.6 <0.5 
Mother 51 3.83 10 74 23 97.2 2.8 <0.5 
Father 54 4.93 13 90.1 26.5 97.3 2.7 <0.5 

 
Figure 1. Direct sequencing results of the α1-globin gene in a case with Hb Adrian (α1: c.251del T). 

4. Discussion 
Thalassemia is a common hereditary genetic disorder in the north of Iran, and our 

previous studies indicated that around 15% of the population carry α-globin gene muta-
tions [6]. Based on our previous report of the 412 neonates that were randomly selected, 
the -3.7 deletion had the highest frequency, 9.7%, and -4.2 deletion, ααα anti3.7 triplication, and 
α−5nt mutations had frequencies of 4.1%, 2.2%, and 0.49%, respectively, while none of the 
neonates had a --Med double-gene deletion. Tamaddoni et al. investigated the mutations 
among two hundred and fifty-five patients from Mazandaran, and 21 different mutations 
were observed among the investigated patients. According to the results of their study, 
the -3.7 deletion (44.9%), polyadenylation signal 2 (α Poly A2) (AATAAA > AATGAA) (18.2%), 
-4.2 deletion (9.1%), α-5nt (6.5%), - -MED (4.3%), and α codon 19 (-G) (4%) were the most frequent 
mutations observed in the region [13]. Moreover, several variants of hemoglobin, such as 
Hb D [14], Hb J-Toronto [15], Hb Setif [16], Hb Fontainebleau [17], Hb Daneshgah-Tehran [18], and Hb S [19], 
have also been reported from that region. Since Mazandran is located in the south of the 
Caspean Sea, which has a subtropical climate as well as a high prevalence of malaria hav-
ing been observed in the region in the past, a high frequency of thalassemia is reported 
from there. In the present study, we report a novel pathogenic variant in the α1-globin 
gene, Hb Adrian (α1: c.251del T), detected in a family from Mazandaran, in the north of 
Iran. In our previous work we have also reported another new variant of α-globin (Hb 
Mazandaran) and the coinheritance of α- and β-globin gene mutations from Mazandaran prov-
ince [20,21], which indicate the diversity of Hb variants in the region. The presented case 
was originally from Mazandaran province. There were several migrations of minor ethnic 
groups, such as Kurds, Turks, Georgians, and small groups of Indian origin, to Mazanda-
ran province throughout history [17] that may have resulted in a high diversity of α-globin 
gene variants in the region. 

Hb H disease usually occurs due to the coinheritance of α0-thalassemia due to dele-
tions that remove both linked α-globin genes on chromosome 16 and deletional α+-tha-
lassemia from single α-globin gene deletions (−−/−α); however, Hb H disease may occur 
from interactions between α0-thalassemia with non-deletional mutations or with abnor-
mal hemoglobin, such as Hb Constant Spring [22]. It has been indicated that the clinical 
manifestations of Hb H disease caused by non-deletional types are usually more severe 
than those resulting from deletional types [23]. Non-deletional mutations can result in 
unstable hemoglobin that usually precipitates in red blood cells, forming insoluble inclu-
sion bodies and eventually damaging or destroying red blood cells’ membranes [24]. 

Figure 1. Direct sequencing results of the α1-globin gene in a case with Hb Adrian (α1: c.251del T).

4. Discussion

Thalassemia is a common hereditary genetic disorder in the north of Iran, and our
previous studies indicated that around 15% of the population carry α-globin gene muta-
tions [6]. Based on our previous report of the 412 neonates that were randomly selected,
the -3.7 deletion had the highest frequency, 9.7%, and -4.2 deletion, ααα anti3.7 triplication,
and α−5nt mutations had frequencies of 4.1%, 2.2%, and 0.49%, respectively, while none of
the neonates had a –Med double-gene deletion. Tamaddoni et al. investigated the mutations
among two hundred and fifty-five patients from Mazandaran, and 21 different mutations
were observed among the investigated patients. According to the results of their study, the
-3.7 deletion (44.9%), polyadenylation signal 2 (α Poly A2) (AATAAA > AATGAA) (18.2%),
-4.2 deletion (9.1%), α-5nt (6.5%), - -MED (4.3%), and α codon 19 (-G) (4%) were the most frequent
mutations observed in the region [13]. Moreover, several variants of hemoglobin, such as
Hb D [14], Hb J-Toronto [15], Hb Setif [16], Hb Fontainebleau [17], Hb Daneshgah-Tehran [18], and
Hb S [19], have also been reported from that region. Since Mazandran is located in the
south of the Caspean Sea, which has a subtropical climate as well as a high prevalence of
malaria having been observed in the region in the past, a high frequency of thalassemia
is reported from there. In the present study, we report a novel pathogenic variant in the
α1-globin gene, Hb Adrian (α1: c.251del T), detected in a family from Mazandaran, in the
north of Iran. In our previous work we have also reported another new variant of α-globin
(Hb Mazandaran) and the coinheritance of α- and β-globin gene mutations from Mazandaran
province [20,21], which indicate the diversity of Hb variants in the region. The presented
case was originally from Mazandaran province. There were several migrations of minor
ethnic groups, such as Kurds, Turks, Georgians, and small groups of Indian origin, to
Mazandaran province throughout history [17] that may have resulted in a high diversity of
α-globin gene variants in the region.

Hb H disease usually occurs due to the coinheritance of α0-thalassemia due to
deletions that remove both linked α-globin genes on chromosome 16 and deletional α+-
thalassemia from single α-globin gene deletions (−−/−α); however, Hb H disease may
occur from interactions between α0-thalassemia with non-deletional mutations or with
abnormal hemoglobin, such as Hb Constant Spring [22]. It has been indicated that the
clinical manifestations of Hb H disease caused by non-deletional types are usually more
severe than those resulting from deletional types [23]. Non-deletional mutations can result
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in unstable hemoglobin that usually precipitates in red blood cells, forming insoluble
inclusion bodies and eventually damaging or destroying red blood cells’ membranes [24].

The introduced variant (Hb Adrian) leads to a frameshift change that produces a trun-
cated protein with 100 amino acids, which in comparison to a normal α-chain is shorter,
and its amino acids are altered after codon 83. This hemoglobin is undetectable by elec-
trophoresis and causes microcytosis. Although no severe hematological abnormalities were
observed in the carriers, Hb Adrian should be considered in screening programs, especially
in combination with double-gene CIS deletions, in order to prevent Hb H disease in couples
at risk for α-thal.
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